Objective: the use of ozone to prevent and control the disease and insect pests of vegetables has made some achievements in birth, but its mechanism is not clear. By spraying ozone water in this paper，from the point of plant physiology, the effects of ozone water spraying on the physiological and yield of vegetable resistance were discussed. Methods: cucumber and tomato were used as experimental material. The test set two treatments: CK: spraying water, T: spraying ozone water. The water was sprayed by the ozone water solution of 50 kg with ozone aeration of 45 min. Results: the results showed that spraying ozone water could improve SOD and POD activities of cucumber and tomato, reduce electrical conductivity and MDA content, and increase yield by increasing single fruit weight. Conclusion: Spraying ozone water can increase the antioxidant enzyme activity of vegetables, but the negative effects on vegetables need to be further studied.
diseases and insect pests needs further verification. The purpose of this experiment is to study the effect of ozone water on cucumber and tomato physiology, and to explore the feasibility of ozone application in cucumber and tomato production.
Materials and methods
Experimental design. Cucumber and tomato were used as experimental material. This study was conducted at the Agronomy College at Shenyang Agricultural University. The test set two treatments: CK: spraying water, T: spraying ozone water. The water was sprayed by the ozone water solution of 50 kg with ozone aeration of 45 min. The seedlings were transplanted in May 3, 2017. After the growth was stable, the plants began to be treated in May 18th. They were sprayed every 7 days in the whole growth period. The samples were sampled 20 days later and sampled every 20 days, namely, 20, 40, and 60 days after treatment. The samples of cucumber and tomato were selected for the determination of the indexes. Each treatment was repeated 3 times, and 6 plots were set up, each area was 4m x 1m.
Measurement method of index. Superoxide dismutase (SOD) was determined by nitrogen tetrazolium four (NBT) method; peroxidase (POD) activity was measured by guaiacol assay ;The relative conductivity was measured by DDS-11A type conductivity meter; the content of MDA was determined by thiobarbituric acid method [11] ;Yield determination: in each treatment, ten plants were selected for yield determination, and weighing method was used to determine fruit weight of single plant, number of single fruit and quality of single fruit respectively.
Statistics. All statistical analyses were performed using Microsoft Excel 2010 and SPSS 22.0. One-way ANOVA analysis was applied to the same cultivar under different water treatments. Duncan multiple difference method was used to compare the differences.
Conclusions
Effects of spraying ozone water on SOD and POD activities of cucumber and tomato leaves. As shown in Table 1 , when 20d was treated, the SOD enzyme activity of cucumber leaves was as follows: CK >T and reached a significant level (p<0.05).When 40d and 60d were treated, the SOD activity of spraying ozone water treatment was higher than that of control 11.2% and 17.7%, and all reached a significant level (p<0.05).Compared with CK, in each period the POD activity of cucumber leaves under the treatment of spraying ozone water was higher than that of the control, and all reached a significant (p<0.05) level. The above results showed that spraying ozone water could improve the antioxidant enzyme activity of cucumber leaves and improve the resistance of cucumber. Table indicate that the difference between different treatments reached 0.05 significant levels, the same as below.
As shown in Table 1 , in the treatment of 20d, SOD enzyme activity in tomato leaves was CK>T, but the difference was not significant (p>0.05); the treatment of 40d, the activity of SOD showed: T> CK, but did not reach significant level (p>0.05); the treatment of 60d, the activity of SOD as follows: T>CK, and reached significant level (p<0.05).Compared with CK, the POD activity of cucumber leaves under ozone water treatment was higher than that of CK at all times, and all of them reached a significant (p<0.05) level. In the treatment of 60d, POD activity of ozone water treatment was 69.8% higher than that of control. In general, the effect of spraying ozone water on the SOD activity of tomato leaves was not significant, but it could significantly increase the activity of POD.
Effects of spraying ozone water relative conductivity of cucumber and tomato leaves. As shown in Table 2 , under the spraying ozone water treatment, in each period the relative conductivity of cucumber leaves were lower than the control; Table 2 showed that in addition to the treatment of 40d, the relative conductivity of the other two periods of tomato leaves were lower than that of the control, indicating that the spraying ozone water can effectively relieve the damage of cell function and decrease the exosmotic of the intracellular electrolyte. Effects of spraying ozone water MDA of cucumber and tomato leaves. As shown in Table 2 , the content of MDA in cucumber leaves was lower than that of CK at all times and reached a significant level in the treatment of 20d and 40d (p<0.05). Table 2 showed the effect of ozone water spraying on the MDA content of tomato leaves. As shown in the Fig. 8 , in addition to 20d treatment, the MDA content in two other periods under ozone water spraying was lower than that in the control, which was similar to that in cucumber. The possible reason is that the spraying of ozone water reduced the damage of pathogen to leaves, relieved the damage of the cells and decreased the degree of lipid peroxidation in the cell membrane.
Effects of spraying ozone water on yield of cucumber and tomato. The yield of each treatment is shown in Table 3 . From the table, we can see that under the ozone water spraying treatment, the fruit weight per plant, fruit number per plant and single fruit weight of cucumber increased by 9.76%, 2.41% and 7.18% compared with CK, respectively. The effect of each treatment on tomato yield was similar to that of cucumber. The fruit weight per plant and single fruit weight under ozone water spraying treatment were higher than that of control. But the fruit number per plant did not increase. Especially the fruit number per plant under ozone water treatment was lower than that of the control. The results showed that spraying ozone water could increase the yield of cucumber and tomato, and the spraying of ozone water could improve the weight of single fruit. SOD is a scavenger of superoxide anion radicals in organism, which can effectively prevent their damage to organisms and is an important antioxidant enzyme in plants. POD is also a protective enzyme in plant enzymatic defense system, which can effectively catalyze the decomposition of hydrogen peroxide into water, thus effectively preventing the accumulation of hydrogen peroxide in plants and eliminating its potential damage to plant cell membrane structure.
The results showed that spraying ozone water could significantly increase the antioxidant enzyme activity of cucumber and tomato leaves, which was in agreement with the results of Ding Ming et al [9] . Under the action of ozone water, the antioxidant enzyme activity of cucumber and tomato was increased, and the resistance was increased. However, ozone water had different effects on antioxidant enzymes of two species. Spraying ozone water could significantly improve SOD and POD activities of cucumber leaves, but for tomato, the effect of ozone water on POD activity was more significant.
Effects of spraying ozone water on the relative conductivity and MDA of cucumber and tomato leaves. The relative conductivity is one of indexes to determine whether the plants are harmed by adversity. Due to the destruction of cell membrane damage or cell structure destruction, the cell permeability increased, various water soluble substances within the cell including the electrolyte will have different degrees of extravasation, the more serious injury, extravasation of more weight, the increase of conductivity is more serious. The results showed that spraying ozone water can reduce the relative conductivity of tomato and cucumber leaves, and slow down the extent of cell damage. The possible reason is that the sterilization effect of ozone water weakens the damage of pests and diseases to vegetables, and further reduces the conductivity of leaves. But on the 40 day, the relative conductivity of tomato leaves treated with ozone water treatment is significantly higher than that of the control. It may be that the oxidation of ozone water has certain damage on tomato leaves.
MDA is the final decomposed product of membrane lipid peroxidation, and it is the embodiment of the degree of membrane peroxidation of plant cells. Its content can reflect the degree of plant suffered by adversity. The high content of MDA indicates that the membrane of plant cells has a high degree of peroxidation, and the damage of the cell membrane is serious.
We can see from Table 2 , spraying ozone water can significantly reduce the MDA content of cucumber leaves; in the early stage of processing ozone water brought harm effect on tomato leaves, and increased the content of MDA in tomato leaves, but with the prolonging of treatment time, limited the damage effect of ozone water, increased the protective effect, so the content of MDA in tomato leaves decreased, indicating that the degree of membrane lipid peroxidation decreased.
Effects of spraying ozone water of yield of cucumber and tomato. Studies have shown that the use of ozone to control pests and diseases in facilities is not only effective in reducing the incidence of diseases and insect pests, but also in increasing production. In the case of ozone water, the yield of cucumber and tomato increased, and the weight of single fruit increased significantly.
Conclusion
Ozone water spraying could improve the activity of SOD and POD in cucumber and tomato leaves and increase the resistance of plant leaves. The effect of ozone water on disease and insect, reduced the damage degree of leaves, and then reduced the content of MDA in the leaves, and the relative conductivity was also reduced. At the same time, under the spraying ozone water treatment cucumber and tomato have a certain increase in yield, and the main reason for increasing production in this experiment was to increase the weight of single fruit.
The results showed that the effect of spraying ozone water on vegetables was different because of the variety and time of action. This experiment only used ozone water with a concentration. The ozone application in other vegetable diseases and insect pests and the choice of ozone concentration should be further studied.
